Oleic acid coated LaF 3 :Ce nanoparticles were synthesized and embedded in polyacrylamide through a two-step procedure. In the first step nanoparticles were synthesized by adopting co-precipitation technique and in the second step, nanoparticles were embedded in polyacrylamide (PAM) hydro-gel through the solution route. Nanoparticels were characterized for their crystal structure, particle size, organic coating and photoluminescence behavior using X-ray diffraction, SEM, TEM, FTIR and photoluminescence spectroscopy. Size of nanoparticles was estimated using the Scherer formula. Polymer nano composite (PNC) material was synthesized with two different weight percent of the nano powder viz 1.634% (termed as NG1) and 0.1664% (termed as NG2). The nanoparticle-polymer composite exhibits emissions at 308 and 370 nm. A comparison of the emission spectrum of LaF 3 :Ce nano-powder pellet with that of the composite suggests a suppression of emission from the PAM host in the composite.
Introduction
In the quest for new optical materials, polymer nanocomposites (PNC) are currently being explored. Luminescent PNC materials are inexpensive and can be synthesized in different shapes and sizes. These materials find applications in sensing high energy X-and gamma radiation. In this context rare-earth doped nanophosphor with sizes <100 nm in transparent polymer composites have been studied. In order to protect the nanophosphor material from the host environment and to achieve better dispersibility in the monomer, these are coated with organic materials such as oleic acid. These nanoparticles possess unique chemical and optical features such as low toxicity, characteristic narrow emission, and excellent photo stability [1] .
Cerium doped Lanthanum halides display desirable high light yields with fast decay component. Inorganic as well as organic surfactant capped LaF 3 :Ce have been extensively studied [2] [3] [4] [5] [6] . Considerable interest is shown in surface modification of luminescent nanoparticle with functional groups, which increases possibility of uniform embedding in different transparent polymer hosts [7] [8] [9] . The methods involve synthesizing nanoparticles first and then blend into the required matrices through intimate mixing of nanoparticles with monomer solution and subsequent immobilization through polymerization. In this work, we report the synthesis and embedding of oleic acid coated LaF 3 :Ce nanoparticles in polyacrylamide host medium. The photoluminescent characteristics of the synthesized polymer nanocomposite are presented.
Experimental Details
LaF 3 :Ce embedded polyacrylamide (PAM) disc was made in two steps. LaF 3 :Ce was synthesized by co-precipitation technique. First, oleic acid coated nano cerium doped lanthanum fluoride was synthesized as ref [10] . Next, the powder was embedded inside PAM disc using a slightly different procedure that reported in [11] . A solution containing 8 g of arylamide in 10 g of deionized water was prepared. LaF 3 :Ce embedded discs were synthesized using the acrylamide solution with two different nano-powder concentration of 16.6 and 1.75 mg/ml. The mixtures were thoroughly stirred for 30 minutes and placed in an ultrasonic water bath for 20 minutes for the gas bubbles, if any, to escape. Then the mixture was polymerized in the gamma chamber (GC 5000) containing 4.8 TBq activity of Cobalt-60 radioisotope and irradiated for four minutes to a gamma dose of 221 Gy. The po-lymerized samples were taken dried in a vacuum oven at 90˚C for 4 h. The discs were circular in shape with 2 cm diameter and 1 cm thickness. The weight percent of the nano powder in the polymer composites were 1.634% (termed as NG1) and 0.1664% (termed as NG2) respectively. The NG1 disc was little opaque while NG2 disc was a completely transparent. Similarly another pure polyacrylamide disc without LaF 3 :Ce (blank-PAM) was prepared for comparing the optical behavior.
The structural characterization was carried out using X-ray diffraction measurements using a Shimadzu (XRD-6000) diffractometer equipped with a CuK α (1.5406 Å) X-ray source. The micrographs of as prepared samples were obtained using field emission scanning electron microscope [FESEM, ZEISS] . TEM [JEOL 2000 EX II], FTIR spectra were recorded using HORIZON MB3000 ABB spectrophotometer in order to check the surface organic coating and the spectrum was measured in transmission mode using KBr disc. In order to prepare the TEM specimen, the powder was ultra-sonicated in methanol medium and one drop of the suspension was loaded on to carbon coated grids. This was dried under a lamp for over 12 hours and loaded into the specimen carousel of the JEOL 2000 EX II TEM operated at 200 kV. Electron diffraction, diffraction contrast and phase contrast imaging was also carried out. Photoluminescence (PL) measurements on the discs were carried out using a SHIMADZU spectrophotometer [Flourolog-RF-5301PC] in the range of 200 -400 nm at 1.5 nm slit widths and in high sensitivity mode. Figure 1 shows the XRD pattern of oleic acid coated nanoparticles. The peak positions and intensities agree well with the data reported in the JCPDS standard card (32-0483) for pure hexagonal LaF 3 :Ce particles. The large width of the diffraction peaks is an indication of the nanosize of the particles. The structure was determined to be hexagonal with a = 7.1889 and c = 7.3231 Å. The sizes of the nanoparticles were calculated from the XRD data based on the Debye-Scherer formula. The results showed that the oleic-coated nanoparticle size was 11 nm. nm sizes. In order to know with what sizes the particles have formed, a size distribution plot was arrived at by analyzing the obtained SEM micrograph using the Image J software. As the particle sizes are small, more weight % can be incorporated in the polymer retaining the opti-cal transparency. Figure 3 shows the high resolution TEM image of as synthesized Oleic acid coated LaF 3 :Ce nanoparticles. The coating thickness was found to be around 3.5 nm. It can be seen that the nanoparticles have a certain degree of agglomeration. Figure 4 shows the FT-IR spectra of both pure oleic acid (curve a) and oleic acid coated LaF 3 :Ce nanoparticles (curve b). In curve a&b, the two band at 2922 and 2856 cm -1 are corresponds to CH 2 asymmetric and symmetric stretching vibrational frequency respectively [12] . A weak band at 3011 cm -1 indicates the presence of unsaturated alkene (=C-H) group. In curve (b) presence of CH 2 stretching vibrational peak reveals the presence of organic surfactant on surface of LaF 3 :Ce nano particle. In curve (a) strong peak at 1708 cm -1 attributed to stretching vibration of C=O group. When compared to curve (a) in curve (b) the reduction peak intensity of 1708 cm -1 C=O stretching vibration and appearance of two new absorption peaks at 1582 and 1546 cm -1 are due to carboxylate formation on the nano LaF 3 :Ce surface, which are attributed to the characteristic of the asymmetric (COO -) stretch and the symmetric (COO -) stretch [13] . The disappearance of C=O stretching vibration and presence of two COO -stretching confirms that Oleic acid is not physically adsorbed on the surface of LaF 3 :Ce nano particle, its coordinated through carboxylate group with nano particle. These results confirm that Oleic acid molecules were chemisorbed on nano LaF 3 :Ce particles. Figure 5 shows the excitation and emission spectrum of the 5 mole % Ce-doped LaF 3 nanoparticle pellet. The excitation spectrum was recorded for the sample by scanning the excitation wavelength from 200 nm to 280 nm, while the emission monochromator was fixed at 306 nm with spectral bandpass at 1.5 nm. The excitation peak was found to be at 251 nm (curve a), which closely agrees with the position of lower energy levels in the 4f to 5d (4.96 eV) configuration of cerium. The emission spectrum was acquired by exiting the pellet at 251 nm wavelength in the region between 265 nm to 400 nm with the same spectral band pass. The broad emission peak found at 306 nm (curve b) can be ascribed to 5d to 4f transitions revealing the nature of Ce 3+ emission [14] . One can see that the emission from the pellet is intense. The presence of hydrocarbon chains on the surface might quench the output light intensity by radiation less energy transfers. Figure 6 shows the excitation and emission spectra of the blank-PAM, LaF 3 :Ce embedded PAM-NG1 and NG2 discs. The spectra of blank-PAM and nanocomposite materials were recorded in the region 220 -400 nm. Curves a and b respectively correspond to the excitation and emission of blank-PAM disc. The emission peak at 370 nm corresponds to the 253 nm absorption of blank-PAM. Curves c (NG2), e (NG1) and d (NG2), f (NG1) respectively correspond to the excitation and emission spectra of doped-PAM discs. One can see that the emission spectra of the composite exhibit two peaks, one at 308 nm and the other at 370 nm. The spectral positions slightly shift towards the blue region as compared to that of pure LaF 3 :Ce nano-powder pellet. It is important to point out that the 253 nm excitation of the nano composite gives much lower intensity of the 370 nm emission compared to that of blank-PAM. This suggests that doping the PAM matrix by the nanoparticles causes suppression of the photoluminescent emission from the polymer host. The 370 nm PL emission of the host matrix is further suppressed when the doping concentration is increased (curve f). Thus the present results suggest that only the nano-particles are selectively excited while the host excitation is transferred to the nanoparticles. This property may be useful where interference from the host is to be avoided. Lower intensity of the 308 nm emission from the nanocomposite disc NG1 might be due to larger opacity. This suggests that low-doped NG2 translucent composites can be used as efficient intrinsic PL emission materials with reduced interference from the host. Figures 7(a) and (b) show the photographs of the synthesized PAM discs. It is clear that NG2 disc is translucent and NG1 disc is little opaque.
Results and Discussion

Conclusion
LaF 3 :Ce embedded in polyacrylamide discs were synthesized by a simple two step procedure. The particle size was estimated to be of 11 nm from XRD analysis. The FESEM micrograph confirmed that the particle sizes were distributed between 11 and 85 nm. FTIR spectra confirmed the presence of hydrocarbon chains surrounding the nano particles. TEM image analysis confirmed the presence of 3.5 nm thickness coating. The photoluminescent study confirmed the presence of the nanophosphor in the organic matrix. Although LaF 3 :Ce nanoparticles and PAM exhibit characteristic PL emission at 308 and 370 nm respectively, both these materials have excitation peaks at 253 nm. The nanocomposite is found to have reduced emission from the host matrix as com- pared to pure PAM disc, suggesting selective excitation of the nanoparticles and suppression of the PL from the matrix.
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